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OBJECTIVE

To assess the frequency of continuous glucose monitoring (CGM) device use, factors
associated with its use, and the relationship of CGMwith diabetes outcomes (HbA1c,
severe hypoglycemia [SH], and diabetic ketoacidosis [DKA]).

RESEARCH DESIGN AND METHODS

Survey questions related to CGM device use 1 year after enrollment in the T1D
Exchange clinic registry were completed by 17,317 participants. Participants were
defined as CGM users if they indicated using real-time CGM during the prior 30
days.

RESULTS

Nine percent of participants used CGM (6% of children <13 years old, 4% of adoles-
cents 13 to <18 years, 6% of young adults 18 to <26 years, and 21% of adults ‡26
years). CGM use was more likely with higher education, higher household income,
private health insurance, longer duration of diabetes, and use of insulin pump (P <

0.01 all factors). CGMusewas associatedwith lowerHbA1c in children (8.3% vs. 8.6%,
P < 0.001) and adults (7.7% vs. 7.9%, P < 0.001). In adults, more frequent use of CGM
(‡6 days/week) was associated with lower mean HbA1c. Only 27% of users down-
loaded data from their device at least once per month, and £15% of users reported
downloading their device at least weekly. Among participants who used CGM at
baseline, 41% had discontinued within 1 year.

CONCLUSIONS

CGM use is uncommon but associated with lower HbA1c in some age-groups,
especially when used more frequently. Factors associated with discontinuation
and infrequent use of retrospective analysis of CGM data should be considered in
developing next-generation devices and education on CGM use.

Real-time continuous glucose monitoring (CGM) has the potential to aid patients and
providers in both the daily management of blood glucose levels and retrospective
reviewof glucose patterns.Multicenter randomized controlled trials andmeta-analyses
have shown that CGM is associated with improved glycemic control, achievement or
maintenance of target glycated hemoglobin (HbA1c) levels, and reduction of severe
hypoglycemia (SH) events in adults (1–7). For children in the JDRF-sponsored multi-
center trial, which randomized patients to CGM or self-monitoring of blood glucose
(SMBG), there was a larger percentage of subjects 8–14 years old using CGM who
achieved at least a 10% decrease in HbA1c and a target HbA1c ,7%, compared with
children using SMBG (6). Some studies have shown that near-daily (as opposed to
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occasional) use of CGM is associated with
better glycemic control, as measured by
HbA1c (5,8), leading to a practice guideline
recommending CGM for adults who are
able to use it at least 6 days a week (9). In
clinical trials of CGM versus SMBG use in
children, those who used near-daily CGM
had a greater reduction in HbA1c (20.3 to
20.8%) and a greater percentage of
blood glucose values in target range
compared with those who used it less
frequently (10–12). Other studies in
children have reported reduced time
spent in hypoglycemia with near-daily
use (reviewed in 11), but such frequent
use ismore difficult to achieve in pediatric
patients. In addition, subjects and their
caregivers who participated in random-
ized CGM trials have reported high satis-
faction and no negative impact on quality
of life with CGM (12,13). Although these
potential benefits of CGM are known, the
actual rates of CGM device use and clini-
cal outcomes of use in real-world clinical
settings have not been well studied and
few large studies have investigated the
specific factors that influence CGM use
outside of controlled trials.
The T1D Exchange Clinic Network (14)

registry database provides the opportu-
nity to understand the characteristics of
CGM device use in a large clinic-based
population. In this study, we report the
frequency of CGM device use and the de-
mographic and clinical factors associated
with its use in this clinic-based cohort.We
also investigated the relationship of CGM
with diabetes outcomes including HbA1c,
SH events, and diabetic ketoacidosis
(DKA). Finally, datawere obtained regard-
ing the attributes of CGM that partici-
pants identified as the most useful and
most challenging, as well as why CGM is
tried but discontinued. Understanding
the factors that influence use of CGM in
this registry can help optimize the use of
this technology in clinical diabetes care.

RESEARCH DESIGN AND METHODS

The T1D Exchange clinic registry of indi-
viduals with type 1 diabetes com-
menced enrollment in September 2010
(14). Each clinic received approval from
an institutional review board. Informed
consent was obtained according to in-
stitutional review board requirements
from adult participants and parents/
guardians of minors; assent fromminors
was obtained as required. Data were
collected for the registry’s central

database from the participant’s medical
record and by having the participant or
parent complete a comprehensive ques-
tionnaire, as previously described (14).
One year after enrollment, data were
collected again from the participant’s
medical record, and the participant or
parent/guardian of the participant (for
minors) completed another comprehen-
sive questionnaire. This report includes
data on 17,317 participants from 66
sites who completed survey questions
related to CGM device use 1 year after
enrollment in the registry.

Information pertaining to use of a
CGM device was obtained from the
participant or, for children, from the
parent/guardian. Participants were de-
fined as CGM users if they indicated us-
ing real-time CGM during the prior 30
days on the 1-year survey. CGM users
were asked about frequency of CGM
use in the prior 30 days, duration of
CGM use, frequency of CGM data down-
load, change in frequency of blood glu-
cose checks when wearing the CGM
device, and the real-time and retrospec-
tive features of CGM that they found
useful. Registry participants also were
queried as to whether they had been
using CGM regularly (at least once a
month) but if use was discontinued
completely in the past year and, if yes,
the reasons for discontinuation. Demo-
graphic data on sex, race/ethnicity,
household income, health insurance
status, and education (parent’s highest
education level if participant was ,18
years old) were obtained. Participants
were asked about occurrences of SH
with seizure or loss of consciousness
and DKA resulting in overnight hospital-
ization in the prior 3 months. Informa-
tion about age, duration of diabetes,
insulin delivery method (pump or injec-
tions), HbA1c, and presence of diabetes-
related complications was collected
from medical chart review. The most
proximal HbA1c value to the date of ad-
ministration of the participant survey
(most recent HbA1c) obtained between
6 months prior to and 1 month after the
1-year office visit was used for analysis.

Statistical Methods
Demographic and clinical characteristics
of registry participants using CGM and
participants not using CGM at the 1-year
data collection were compared using the
Wilcoxon rank sum test for continuous

variables and x2 tests for categorical var-
iables (Mantel-Haenszel statistics were
used for ordered categories). For ac-
counting for differences in results ex-
pected across age-groups, all analyses,
apart from descriptions of usefulness of
CGM features and reasons for discontin-
uation of CGM, were stratified by age:
,13 years old (“children”), 13 to ,18
years old (“adolescents”), 18 to ,26
years old (“young adults”), and$26 years
old (“adults”). Linear regression models
were used to examine the association be-
tween CGMuse andmost recent HbA1c in
each age-group, and logistic regression
models were used to examine the associ-
ation between CGM use and the occur-
rence of one or more SH events and the
occurrence of one or more DKA events.
Similar statistical methods were used to
examine the association of frequency of
CGM use during the past month and
these outcomes.

All regression models (linear and
logistic) included adjustment for the
following demographic and clinical
characteristics: sex, race/ethnicity, edu-
cation level, annual household income,
health insurance status, diabetes dura-
tion, and insulin delivery method (pump/
injection). Tests of significance were
reported from models using continu-
ous or ordinal variables, and odds ra-
tios (ORs) with 95% CIs and adjusted
means were reported from models us-
ing categorical variables (average fre-
quency of CGM device use per week
during the past month was used to cal-
culate categories for frequency of CGM
device use [,4 days, 4 to ,6 days, and
$6 days]).

Data analyses used SAS software, ver-
sion 9.3 (2011; SAS Institute, Cary, NC).
All P values are two-sided. In view of the
multiple comparisons and large sample
size, only P values ,0.01 were consid-
ered significant.

RESULTS

Participant and Clinical
Characteristics Associated With CGM
Use
The 17,317 participants ranged in age
from 1 to 92 years; 51% were female,
84% were non-Hispanic white, and 59%
were using an insulin pump. Additional
characteristics of the cohort are shown
in Table 1. Among the 17,317 partici-
pants, 1,613 (9%) reported using CGM,
with 51% using aMedtronic Guardian or
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Paradigm, 48% a Dexcom SEVEN PLUS,
and 1% an Abbott FreeStyle Navigator
device. By age-subgroups, CGM was
used by 6% of children ,13 years old
(278 of 5,027), 4% of adolescents 13 to
,18 years old (179 of 4,855), 6% of
young adults 18 to ,26 years old (157
of 2,769), and 21% of adults $26 years
old (999 of 4,666) (Table 1). Across all
age-groups, except for household in-
come in 18 to ,26 year olds, CGM use
was more likely in participants with
higher education level, higher house-
hold income, private health insurance,
longer duration of diabetes, and use of
an insulin pump (P , 0.01 for each fac-
tor) (Table 1). Among children ,13
years of age, CGM was more frequent
in non-Hispanic whites than other
races/ethnicities (P , 0.001), but this
was not seen in older age-groups.

Description of CGM Use
The median reported duration of CGM
use in the prior 30 days was 27 days
(interquartile range 15–30) in children,
23 days (interquartile range 10–30) in
adolescents, 21 days (interquartile
range 7–30) in young adults, and 29
days (interquartile range 20–30) in
adults (Supplementary Table 1). Fre-
quency of CGM use was $6 days per
week in 55% of children, 45% of adoles-
cents, 37% of young adults, and 60% of
adults (Supplementary Table 1).

Relationship of CGM Use With
Diabetes Outcomes

HbA1c

Mean HbA1c (6SD) for the entire cohort
was 8.2% 6 1.5% (66 6 7 mmol/mol).
Adjusted mean HbA1c was lower in CGM
users versus nonusers in children (8.3%
vs. 8.6%, P, 0.001) and adults (7.7% vs.
7.9%, P, 0.001) but was not different in
adolescents (9.0% vs. 9.0%, P = 0.76) or
young adults (8.4% vs. 8.5%, P = 0.33)
(Fig. 1A). In adults $26 years old, more
frequent use of CGM was associated
with lower adjusted mean HbA1c in those
using it $6 days a week (7.0% vs. 7.3%
when using it 4 to ,6 days a week and
7.3% when using it ,4 days a week, ad-
justed P , 0.001) (Fig. 1B). This relation-
ship was suggested but less prominent in
the other age-groups (adjusted P = 0.21
for children, P = 0.05 for adolescents,
and P = 0.88 for young adults).

SH and DKA

The frequencies of one or more SH
events in the past 3 months were similar

between participants using CGM and
participants not using CGM (Table 2).
The frequency of one or more SH event
in the prior 3months was not associated
with frequency of CGMuse (Supplemen-
tary Table 2).

There was a trend toward decreased
frequency of DKA events in the past 3
months in all ages, particularly in chil-
dren who used CGM compared with
children not using CGM (unadjusted
OR 0.4 [95% CI 0.2, 0.8]). However, this
trend toward decreased DKA frequency
did not reach statistical significance af-
ter adjustment (adjusted OR 0.6 [0.3,
1.2]) (Table 2). With regard to frequency
of CGM use, unadjusted point estimates
and ORs suggested a trend toward de-
creased DKA events in children and ado-
lescents who wore their CGM device
more often ($4 days/week), though
this was not statistically significant or
maintained after adjustment (Supple-
mentary Table 2).

Use of CGM Data and Features
Only 27% of participants reported
downloading data from their CGM de-
vice at least once per month. Even fewer
participants reported downloading CGM
data to a computer at least once a week
(#15% in each age-group), and many in-
dicated never downloading CGM data
(24%, 36%, 45%, and 42% of children,
adolescents, young adults, and adults, re-
spectively) (Supplementary Table 2).

When asked about change in frequen-
cy of blood glucose checks when wearing
CGM, ;50% of users in each age-group
reported checking their blood glucose
less often or much less often (51%, 46%,
61%, and 53% of children, adolescents,
young adults, and adults, respectively)
(Supplementary Table 2). Smaller percen-
tages of participants reported either
checking their blood glucose more often
(10%, 12%, 16%, and20%) or no change in
frequency of checking (38%, 42%, 23%,
and 27%) in the four age-groups, respec-
tively (Supplementary Table 2).

Participants were asked about the
usefulness of specific features of CGM
and, in general, reported that the real-
time features of CGM were more useful
than the retrospective features (Fig. 2).
The most helpful feature was reported
to be the arrows showing the direction
of glucose change (92% indicated help-
ful), while the least helpful feature was
reported to be the retrospective analysis

of glucose data to change the types or
amount of food eaten (only 46% found
this feature helpful, and 28% indicated
that it was not helpful).

Discontinuation of CGM
Of the 1,662 participants reporting CGM
use at enrollment into the registry, 675
(41%) reported discontinuing CGM use
at the 1-year data collection. Among the
727 participants who indicated stopping
CGM use (which includes 675 who were
using CGM at enrollment but discontin-
ued use by 1 year and 52 who started
CGM after enrollment but discontinued
use by 1 year), the top reason for stop-
ping CGMwas discomfort when wearing
the CGM (42% [Supplementary Table
3]). Other reasons included problems in-
serting the CGM sensor (33%), problems
with the adhesive holding the sensor on
the skin (30%), problems with the CGM
working properly (28%), too many
alarms (27%), concerns about accuracy
of CGM data (25%), interference with
sports and activities (18%), and skin re-
actions from the CGM sensor (18%).

CONCLUSIONS

Real-time CGM has been widely avail-
able for use by people with type 1 di-
abetes for almost a decade (15), and
has been shown to improve outcomes,
particularly when used on a near-daily
basis. However, our study shows that
only a small proportion of patients
with type 1 diabetes are using CGM in
clinical practice, especially in children,
adolescents, and adults ,26 years old.
CGM use was more likely in participants
with higher education level, higher
household income, private insurance,
longer duration of diabetes, and use of
an insulin pump. From our study, it is
unclear how much these differences in
use are due to provider prescription dif-
ferences among patients of different
ages and socioeconomic groups, and
how much they are due to the patient
factors themselves, such as having pri-
vate or public insurance. CGM devices
are not reimbursed by Medicare (16);
lack of insurance coverage for CGM
has been suggested as a barrier to adop-
tion (17), which may have contributed
to our observed differences.

Given the knowledge that these dif-
ferences in characteristics between
CGM users and nonusers exist, it is no-
table that even after adjusting for these
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factors there was an association be-
tween CGM use and lower HbA1c in chil-
dren and adults, although not in 13 to
,26 year olds. We acknowledge that

the cross-sectional nature of our study
does not preclude the possibility that
those with lower HbA1c were more
likely to initiate CGM, but our findings

are in agreement with results from con-
trolled trials showing improved glyce-
mic control in CGM intervention
groups (1–3,6).

Figure 1—A: Mean HbA1c vs. CGM use. White box, CGM nonusers (black line indicates median; the black dot indicates adjusted mean). Black box,
CGM users (white line indicates median; the white dot indicates adjusted mean). P values and adjusted means from a linear regression model
adjusted for sex, race/ethnicity, annual income, insurance status, education level, and diabetes duration. B: Mean HbA1c by frequency of CGM use.
White box, CGM use,4 days per week (the black line indicates median; the black dot indicates adjusted mean). White and black striped box, CGM
use 4 to ,6 days per week (black line indicates median; black dot indicates adjusted mean). Black box, CGM use $6 days per week (white line
indicates median; white dot indicates adjusted mean). P values and adjusted means from a linear regression model of frequency of continuous CGM
use vs. HbA1c adjusted for sex, race/ethnicity, annual income, insurance status, education level, and diabetes duration.

2706 CGM Use in the T1D Exchange Diabetes Care Volume 37, October 2014



A unique feature of our study is the
characterization of how patients with
type 1 diabetes use CGM and the infor-
mation from the monitoring device.
More frequent use was associated with
lower HbA1c levels in adults .26 years
old, with a similar trend in younger par-
ticipants. This is a reassuring finding,
given the guidelines recommending
near-daily use of CGM in order to im-
prove glycemic control (9,11). Regarding
retrospective data review, studies have
shown mixed results of blinded real-
time CGM with retrospective review by
the physician (reviewed in 10), but to
our knowledge, no clinical studies have
investigated whether patient retrospec-
tive self-review of data is associated
with improved outcomes. However, it
is recognized that reviewing data down-
loaded from the CGM device may assist
in adjusting the insulin regimen and can
help patients understand how food con-
tent and exercise influence their blood
glucose levels (10). Although 53% of all
participants downloaded their CGM
data for retrospective review at least a
few times a year, only 27% did this
monthly and ,15% of participants in
each age-group did this at least weekly,
while 38% never downloaded CGM data
at all. Taken together, these findings
suggest that most patients who use
CGM may not be receiving the full ben-
efit of CGM technology either by not
using it often enough or by not regularly
downloading and retrospectively re-
viewing data from their device to adjust
their insulin regimens. This is further
emphasized by our findings that real-
time features of CGM were more useful
to users than were retrospective fea-
tures. Further research should focus on
investigating the clinical importance of
patient retrospective data review and
ways to improve the usability of the ret-
rospective features of CGM. In addition,
educational interventions should teach
patients how to use retrospective anal-
ysis to understand and adjust their
insulin regimens, dietary habits, and
daily activities to improve diabetes
self-management.

Our study also shows that discontinu-
ation of CGMuse is common,with 41% of
participants who reported use at enroll-
ment reporting discontinuation within 1
year. The most common reasons for dis-
continuation included problems or dis-
comfort with wearing the device or
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technical problems with the device,
which are problems that might be solved
by continuedhardware development. How-
ever, 25% of those who discontinued use
were concerned with the accuracy of the
CGM data, an obstacle that may be over-
come with further improvements in CGM
technology. The participants in our study
were using older generations of CGM de-
vices, and some of the reported problems
may be alleviated with newer-generation
devices (e.g., Dexcom G4 Platinum and
Medtronic Enlite). In all cases, better educa-
tion about expectations for CGM use at the
time of initiationmay help patients tolerate
these common problems.
Similar to prior studies, it is surprising

to find that use of CGM is not associated
with lower rates of SH in this study. How-
ever, this finding may be influenced by
the cross-sectional nature of this study,
which limits conclusions about causality
between CGM use and outcomes. Our in-
ability to detect a difference between fre-
quency of SH in CGM users and nonusers
is likely confounded by the fact that SH
itself, along with nocturnal hypoglycemia

and hypoglycemia unawareness, is often
an indication for use of CGM, as recom-
mended by the American Diabetes Asso-
ciation (18). Regarding other limitations,
we also acknowledge that our findings
may not apply to those using more ad-
vanced CGM devices either currently or
in the future. In addition, we relied on
data for CGM use from participant self-
report, which is subject to bias. It is pos-
sible that participants overreported use
and/or frequency of use. However, if this
occurred, it is likely to be independent of
some of our outcomes of interest, such as
HbA1c. Finally, this registry is clinic based
and not population based, which might
affect the generalizability of the findings.
However, a lack of representativeness is
not likely to affect our findings of factors
associated with CGM use or the associa-
tion of CGM use with diabetes outcomes
in patients similar to those in the study.

In summary, CGM use is currently rel-
atively uncommon in clinical practice,
despite evidence showing association
with improved outcomes.While thema-
jority of patients who use CGM find it

helpful, many do not use it regularly or
use the retrospective features, and a
large percentage discontinue use of
the device. Future efforts should be
made at improving CGM technology
and features to address common ob-
stacles and in educating and supporting
users and potential users about the use-
fulness of all features and how to trouble-
shoot common pitfalls. Finally, special
attention should be paid to patients with
lower socioeconomic status and lack of
private insurance, who may encounter
more barriers to CGM access but may
stand to benefit from this technology.
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